When mares are inseminated repeatedly, protein molecules from the seminal plasma (SP) prevent sperm-neutrophil binding and reduced fertility. The molecule(s) responsible for spermneutrophil binding is not known and the identification of beneficial SP proteins is complicated by their large numbers and abundant variation. We examined several important aspects of sperm-neutrophil binding to ultimately facilitate the identification and isolation of the molecule(s) responsible. First, we raised anti-equine P-selectin antibodies to determine the involvement of this adhesion molecule in sperm-neutrophil binding. While these antibodies identified equine P-selectin, they did not inhibit sperm-neutrophil binding. However, acrosome-reacted equine sperm expressed a molecule similar to the ligand recognition unit of P-selectin. Second, we attempted to characterize SP protein binding to equine sperm and gauge their affinity. Biotinylated SP proteins were incubated with fresh sperm, washed over a viscous medium, electrophoresed, and probed with avidin. Several SP proteins bound to sperm with a strong affinity to withstand these treatments. This finding may prove valuable for future attempts to identify and characterize specific SP molecules. Lastly, we compared the secretions from male sex organs/glands on sperm motility, sperm-neutrophil binding, and their protein profile. We expected fewer proteins from individual organs/glands, which would facilitate isolation and identification of target molecules. While each secretion had a varying effect on motility and spermneutrophil binding, the protein profile was as complex as that seen in whole SP, indicating that collection of proteins from individual sources will not facilitate this work. Together, these experiments answer several important questions related to sperm-neutrophil binding, sperm-SP proteins interaction, and the complexity of the SP proteome.
INTRODUCTION
Equine spermatozoa have been shown to cause a breedinginduced endometritis characterized by a rapid influx of neutrophils into the uterus within 1 h, which lasts for up to 36 h after breeding in normal mares [1] [2] [3] [4] [5] [6] [7] . The equine estrus period is long, the lifespan of spermatozoa is short, and the time of ovulation is difficult to predict. These factors may mandate repeated inseminations at intervals of 6-24 h. With the presence of breeding-induced endometritis from the initial insemination, subsequent inseminations deposit spermatozoa in uteri laden with neutrophils [8, 9] . Incubation of spermatozoa with either uterine-or blood-derived neutrophils results in extensive sperm-neutrophil binding and reduced sperm motion characteristics [8, 9] . Furthermore, insemination of seminal plasma (SP)-free spermatozoa into uteri laden with neutrophils reduced fertility [9, 10] , which could be the result of reduced sperm transport and fewer spermatozoa reaching the fertilization site. On the other hand, SP protein prevents and reverses sperm-neutrophil binding in vitro and enhances the number of spermatozoa freely moving among neutrophils [9] . We have determined that sperm-neutrophil binding is mediated by two mechanisms involving neutrophils extracellular traps and a direct cell-to-cell attachment indicating the involvement of adhesion molecules [11, 12] . We have previously suggested that certain molecules in equine SP inhibit the binding of viable sperm to neutrophils, while others appear to promote the binding of killed sperm to neutrophils [13] . CRISP3 was found to reduce sperm-neutrophil binding more efficiently than whole SP [14] , and lactoferrin isolated from equine SP enhances binding of killed sperm to neutrophil [15] . However, the mechanisms of sperm-neutrophil binding and the exact source of the molecules that modulate sperm-neutrophil binding remain unclear.
Selectins (L, E, and P) are glycoproteins with extensive amino acid similarity and overall domain organization [16] . They are responsible for leukocyte tethering and rolling on activated endothelial cells, which facilitates their migration from the blood stream to sites of inflammation [17, 18] . While L-selectin is expressed on the majority of leukocytes, it is rapidly shed from the cell surface after cellular activation [17, 18] and thus is unlikely to play a role in the prolonged spermneutrophil binding. E-Selectin has not been found on either sperm cells or neutrophils [19] . However, P-selectin is rapidly mobilized from secretory granules onto the surface of endothelial cells or activated platelets in response to agonists such as histamine and thrombin [19, 20] . P-Selectin has been reported to be present on the equatorial region of acrosomereacted porcine and human spermatozoa [18, 21, 22] and could therefore be involved in sperm-neutrophil binding. P-Selectin is a 140 kDa transmembrane glycoprotein that contains an Nterminal lectin type C domain followed by an epidermal growth factor (EGF) domain and nine complement control domains [20, 23, 24] . The lectin-EGF domain makes up the optimal ligand recognition unit (LRU) with the P-selectin glycoprotein ligand-1 (PSGL-1) present on neutrophils [23] . Spermatozoa undergo cell surface changes during their passage through the uterus and the inflammatory by-products, which could mobilize P-selectin onto the cell surface and facilitate subsequent binding to neutrophils. The similarities of sperm-neutrophil and endothelial-neutrophil binding suggest that both cases are mediated by adhesive molecules without the involvement of opsonins. This hypothesis is supported by the observation of an opsonin-independent pathway for sperm-neutrophil binding/ phagocytosis [13] . The ability of SP proteins to reduce spermneutrophil binding may be a result of competing molecules in the SP to bind and block the binding sites on sperm surface. This is of biological interest because spermatozoa are known to shed and gain molecules to and/or from SP [25, 26] . Understanding these biologically important mechanisms requires the isolation and identification of the molecules important for each.
The large number of SP proteins makes the identification of molecules responsible for reducing sperm-neutrophil binding (or any other biologically important mechanism) a difficult task. The major hurdles to such identification are 2-fold: 1) the complex composition of SP (923 proteins counted in human SP [27] ) and 2) the large variation in protein abundance, which makes low-abundance proteins more challenging to isolate (see protein pattern data in the Results section). While we have employed protein fractionation to identify CRISP 3 [14] , this work is arduous, time consuming, and expensive. The ability to reduce the number of protein molecules in the pool before fractionation would greatly facilitate this work. To the best of our knowledge, there is no previous report on the nature of SP protein binding to equine sperm, the affinity of these proteins to their ligands/receptors on the sperm surface, or the comparative protein profiles in the secretions of the different accessory sex glands and sex organs in the stallion (or for other species). Identification of SP proteins that bind to spermatozoa would enable the use of blocking experiments to determine their involvement in reducing sperm-neutrophil binding and/or their exact mechanism of action. Furthermore, if the content of the different sex glands/organs contains fewer proteins than whole SP, fractionation of these simpler pools may reduce the time and cost associated with fractionation of whole SP proteins. Determination of these basic attributes will facilitate future work in targeting molecules of interest and their mechanisms of action.
While some SP proteins have been identified (mainly the abundant ones), their mechanisms of action remain unclear or controversial at best [28, 29] . Using a known function such as the inhibition of sperm-neutrophil binding will provide a better approach at targeting important molecules in this very complex mixture. Our overall hypothesis was that P-selectin mediates equine sperm-neutrophil binding and that the identification of the SP molecule(s) responsible for preventing this binding can be facilitated by targeting secretions of individual glands or the proteins bound to sperm cells. The objectives of this study were to examine: 1) whether antibodies specifically raised against the LRU portion of equine P-selectin inhibit sperm-neutrophil binding, 2) whether certain SP proteins specifically bind to spermatozoa with high enough affinity to allow for identification, and 3) whether we could determine the profile of protein molecules from the testis, epididymis, and the accessory sex glands and their effect on sperm-neutrophil binding and sperm motility.
MATERIALS AND METHODS
All the sample collections were carried out in accordance to the Institutional Animal Care and Use Committee, Research Subjects' Protection Program at the University of Minnesota.
Experimental Design Experiment 1. The goal was to determine whether the antibodies produced against equine P-selectin would reduce sperm-neutrophil binding. We hypothesized that P-selectin is involved in sperm-neutrophil binding and that the binding can be inhibited by antibodies against this molecule. Two stallions were used with three ejaculates from each for a total of six replica. For each replication, sperm were untreated, treated with preimmune serum, or treated with postimmune serum before adding neutrophils and determining sperm-neutrophil binding.
Experiment 2. The goal was to determine whether SP protein would bind to washed sperm with a strong enough affinity to withstand the shearing force of centrifugation over a viscous ficoll gradient. We hypothesized that some SP proteins will bind to sperm with strong affinity to withstand the shearing force of centrifugation over a viscous medium. The experiment is outlined in Figure  1 ; briefly, sperm were incubated with either media alone or with biotinylated SP protein, layered over ficoll, and sedimented by centrifugation. The pelleted sperm was washed and used for gel electrophoresis and Western blot analysis.
Experiment 3. The goal was to determine the source of protein molecule(s) that reduce sperm-polymorphonuclear neutrophil binding and whether the collection of the secretion from individual glands would reduce the number of protein bands, thus facilitating isolation and identification of the target protein(s). Our hypothesis was that secretion from one of these glands would contain the molecule responsible for reducing sperm-neutrophil binding and that protein bands would be much reduced compared to whole SP. Once proteins from the different sex organs and glands were processed, the motility and binding were determined as detailed below.
Synthesis of Equine P-Selectin LRU by RT-PCR
Endometrial biopsies (0.5 mg) were collected from live mares (n ¼ 2), and each biopsy was independently subjected to mRNA isolation, RT-PCR, and PCR. Primers were chosen based on human and mouse P-selectin consensus homologous regions of the LRU [20, 30] . A mouse muscle biopsy (n ¼ 1) was used as a positive control to confirm primer design. Total mRNA was extracted from the biopsies using TRIzol reagent (Life Technologies, Carlsbad, CA). First-strand cDNA was synthesized using 3 lg total RNA and random primers (hexamers) for reverse transcriptase (RT). One microliter of the RT reaction was used with P-selectin-specific primers to amplify the LRU fragment of
0 -TGTCCAGATTCCAGAAGCCAA-3 0 ; 617 bp product) for 45 cycles at 948C for 1 min, 508C for 30 sec, 728C for 40 sec, with a final extension at 728C for 10 min. The PCR product was ligated into the pGEM-T easy vector (Promega, Madison, WI) and sequenced using the T7 primers at the Advanced Genetic Analysis Center, University of Minnesota.
Expression Vector Cloning
A new set of primers with restriction endonuclease sites (F 5 0 -GGATCCAGCACAAAAGCATACTCA-3 0 ; and R 5 0 -AAGCTTGTCCAGAT TCCAGAAGCCAA-3 0 ; BamHI and HindIII sites are underlined, respectively) were designed to facilitate ligation of the P-selectin LRU cDNA fragment (in the correct reading frame) into the BamHI/HindIII digested pQE30 expression vector (Qiagen, Valencia, CA). The recombinant expression vector that contained a 6-His tag to facilitate detection and purification of the recombinant protein was transformed into Escherichia coli M15 competent cells. Expression was induced by isopropyl-b-D-1-thiogalactopyranoside, and the recombinant protein was subsequently detected by Western blot analysis using an anti-6-His antibody (Qiagen). Recombinant protein was purified using chromatography based on the strong affinity of the 6-His tag to the Ni-NTA matrix (Qiagen) and then frozen at À80C until used.
Antigen Preparation and Immunization
Two mg of the purified recombinant P-selectin LRU was emulsified with TiterMax adjuvant (TiterMax Inc., Norcross, GA) according to the manufacturer's recommendations. Before immunization, blood was collected from each of four New Zealand white rabbits as preimmune serum (negative control). Rabbits were immunized subcutaneously with 0.5 ml of the above emulsion in four different injection sites and boosted 30 and 44 days later. Blood was collected 10 days after the second booster injection. Blood was allowed to clot before transferring the serum to a centrifuge tube and sedimenting the red blood cells at 5000 3 g for 10 min. Complement was inactivated by heating at 568C for 30 min. A working dilution of the immune serum was determined using serial dilutions (1:100-1:10 000) on blotted recombinant protein. Antibody specificity was determined by Western blot analysis using both recombinant Pselectin LRU and whole P-selectin from equine platelets.
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Neutrophil Preparation
Neutrophils were isolated from heparinized blood from healthy mares (n ¼ 12) essentially as previously described by Hu et al. [31] . Briefly, 20 ml blood was mixed with an equal volume of PBS and 10 ml of 5% dextran, and erythrocytes were allowed to sediment for 30 min at room temperature; then the leukocyte-rich serum was transferred to a new tube. After centrifugation at 400 3 g for 5 min, the remaining erythrocytes were removed by hypotonic lysis with 5 ml of sterile distilled water for 30 sec; isotonicity was restored by the addition of 5 ml of 23 PBS. Leukocytes were collected by centrifugation at 400 3 g for 5 min and resuspended in 2 ml of PBS. Leukocytes were then layered on top of 3 ml Ficoll-Pacque, and neutrophils were pelleted by centrifugation at 800 3 g for 20 min, washed with PBS, and resuspended in PBS at a final concentration of 14 3 10 6 /ml.
Isolation of Proteins from Male Organs
Young pony stallions (1-to 4-yr-old; two of which had motile sperm in the tail of the epididymis while the third had a few sperm, none of which were motile; n ¼ 3) used for teaching surgical castration and later for cadaver dissection were used in this study. Immediately after castration, the testis and epididymis were isolated and the fluid was collected within 30 min. Sperm and any cellular components were removed by centrifugation at 400 3 g for 10 min and then 3000 3 g for 20 min. The supernatant was frozen at À808C until used. The accessory sex glands were harvested within 1 h after euthanasia (within 4 h of castration) of these stallions. Each gland was carefully opened, and the fluid content was aspirated with a sterile transfer pipet. The lumen was then washed with 5 ml of PBS, and the surface was scraped gently with the edge of scalpel blade and washed once more. The harvested fluid was subjected to the same centrifugation and freezing as described above.
Preparation and Biotinylation of SP Protein
Semen was collected from three stallions of known fertility, and spermatozoa were removed by centrifugation at 400 3 g for 10 min. The SP was further clarified by centrifugation at 3000 3 g for 20 min. For both the SP and the content of the male organs, protein was precipitated with 33% (w/v) ammonium sulfate, dialyzed (3500 molecular weight cutoff, Slide-A-Lyzer; Pierce, Rockford, IL) against two changes of PBS (pH 7.2) overnight at 48C and frozen at À208C until used [9] . Biotinylation of 10 mg of SP protein was performed using a Sulfo-NHS-Biotinylation Kit (Pierce) according to the manufacturer's instructions.
Sperm Preparation and Binding Assay
Spermatozoa were isolated from fresh semen extended 1:9 with semen extender (Kenney extender; Har-Vet Inc., Spring Valley, WI) by centrifugation at 400 3 g for 10 min and resuspended in semen extender at a concentration of 100 3 10 6 /ml [9] . This method allowed reduction of SP to less than 0.05% relative to the stallions used [11] . Semen was collected from three different stallions of normal fertility, and only sperm samples with !50% motility after centrifugation was used. For testing anti-P-Selectin antibodies, sperm preparations contained the following: 1) no serum (negative control), 2) preimmune serum (serum control at 1:10 dilutions), or 3) immune serum (at 1:10-fold dilutions). After 30 min incubation at 378C, sperm and neutrophil preparations were mixed 1:1 and incubated for an additional 30 min. For testing proteins isolated from the different male organs, sperm preparations included extender alone (negative control), 6 mg/ml of whole SP-protein (positive control), or 6 mg/ml protein from the different male organs (testis, epididymis, ampulla, seminal vesicle, prostate, and bulbourethral gland) [9] . Binding was determined by light microscopy as the proportion of neutrophils that bound to at least one spermatozoon at 30 and 60 min after the addition of neutrophils to spermatozoa. A minimum of 200 neutrophils were counted for each treatment.
Examination of the Presence of P-Selectin on Equine Sperm
Because P-selectin was previously reported on acrosome-reacted human and porcine sperm [18, 21, 22] , we deemed it necessary to attempt inducing the acrosome reaction in equine sperm. Because induction of the acrosome reaction in equine sperm has not been well characterized, we induced acrosome reaction and/or acrosome damage by treating spermatozoa (to expose P-selectin) with the following: 1) insemination into the uterus of a healthy mare in estrus and recovering the sperm 1 h later by lavage, 2) snap freezing in liquid nitrogen for 5 min and thawing in room temperature, and 3) incubation with a calcium ionophore A23187. Untreated fresh spermatozoa were used as an acrosome intact control, while platelet served as P-selectin positive control. After electrophoresis and protein transfer, the Western blot membrane was treated with the anti-equine P-selectin antibodies as described above.
Identification of Biotinylated SP Protein that Bind to Spermatozoa
Stained spermatozoa and stained SP protein were separately subjected to centrifugation over Percoll (Sigma, St. Louis, MO) and ficoll (Fico/LitePlatelets; Atlanta Biologicals, Norcross, GA) gradients to determine which one SPERM-NEUTROPHIL BINDING allowed sedimentation of spermatozoa but not SP protein alone. This method makes it possible to detect SP protein(s) bound to spermatozoa with enough affinity to withstand gradient centrifugation because SP protein alone did not sediment to the bottom of the tube. Centrifugation was performed in a swinging rotor (JS-13; Beckman instruments Inc., Palo Alto, CA) at 600 3 g for 20 min. For confirmation that SP protein alone did not reach the bottom of the centrifugation tube, the bottom 50 ll fraction of the Fico/Lite gradient was examined microscopically for spermatozoa and by SDS-PAGE/silver stain for SP protein. Spermatozoa (2 3 10 6 ) alone, spermatozoa incubated (30 min at 378C) with biotinylated SP protein (6 mg/ml), biotinylated SP protein alone, and nonbiotinylated SP protein alone were mixed with 23 sample buffer and separated by SDS-PAGE, followed by Western transfer to a polyvinylidene fluoride membrane. Biotinylated SP protein was detected using alkaline phosphatase-conjugated avidin (0.1 unit/ml; Pierce, Rockford, IL) using 1-Step NBT/BCIP (Pierce) substrate. All the spermatozoa were freshly collected from two stallions of normal fertility.
Identification of Protein Patterns from Male Organs
Precipitated protein (40 lg/lane) from each organ were separated with SDS-PAGE and stained with Coomassie stain prior to photodocumentation on a scanner after wrapping the gel in clear plastic sheets.
Statistical Analysis
Data were analyzed by general ANOVA in the statistics program (Analytical Software, Tallahassee FL). Stallions, ejaculates, and treatments were included in the model as independent variables. Significance was set at P , 0.05. All the data were collected from a minimum of three independent trials on different days.
RESULTS
Experiment 1
The LRU of equine P-selectin was cloned by RT-PCR producing a 617-bp fragment as expected based on the primer location of the mouse and human P-selectin (the mouse positive control produced a similarly sized PCR product; Fig.  2a) . Sequence analysis showed a greater than 80% similarity with mouse P-selectin (data not shown). The LRU cDNA of equine P-selectin was confirmed to be in the correct reading frame of the pQE30 expression vector by sequence analysis. The expression vector was then transformed into M15 bacterial cells, and protein expression was induced by isopropyl-b-D-1-thiogalactopyranoside. Approximately 2 mg of recombinant protein was purified per liter of bacterial culture using the 6-His tag and Ni-NTA matrix under denaturing conditions. After dialysis, the recombinant protein was detected by both anti-6-His and anti-mouse P-selectin antibodies (Fig. 2b) . Immune serum produced against the recombinant LRU portion of equine P-selectin produced antibodies that reacted with the purified recombinant protein (1:3000 dilution; Fig. 2c ), and with a protein of similar size to P-selectin (140 kDa) from equine platelets (1:2000 dilution; Fig. 2d ). Preimmune serum did not react with either the recombinant protein or the platelet protein even at a dilution of 1:10. Although the antibodies raised against recombinant equine LRU reacted with equine Pselectin, they did not block or reduce sperm-neutrophil binding even at a 1:10 dilution. This suggests that adhesion molecules other than P-selectin are likely involved in sperm-neutrophil binding. However, the induction of the acrosome reaction/ damage by all three methods (uterine insemination and recovery, snap freezing, and calcium ionophore) resulted in a positive reaction with a band of similar size to the LRU of Pselectin (Fig. 3) .
Experiment 2
Fico/Lite-Platelets provided an ideal gradient for differential centrifugation that allowed sperm and associated proteins to sediment to the bottom of the centrifugation tube, but held SP proteins alone on top of the ficoll gradient (Fig. 4) . The sperm cells reached the bottom of the tube, but SP proteins alone did not as confirmed by the lack of any protein bands on SDS-PAGE gels (data not shown). Incubation of spermatozoa with biotinylated SP protein revealed that several SP proteins bound to spermatozoa with a sufficiently high affinity to withstand centrifugation through a ficoll gradient. The ficoll prevented sedimentation of SP proteins not bound to sperm cells as shown by the stained protein and spermatozoa (Fig.  4) . Using biotinylation of SP proteins clearly showed that certain SP proteins bind to sperm cells (Fig. 5) , but whether these proteins are responsible for reducing the spermneutrophil binding remains to be determined. Identification of the biotinylated proteins bound to sperm cells was beyond the scope of this work. We have previously found that using whole SP protein to identify known molecules (seminal DNase and CRISP3) is challenging due to the large number of proteins and the high dynamic range of their abundance (Fig.  6) .
Experiment 3
The effect of protein isolated from male organs on sperm motility and sperm-neutrophil binding is presented in Figure 7 as a percentage of that seen for extender alone (negative control). The highest motility was observed in samples treated with whole SP proteins and was not significantly different from those treated with proteins from testis, epididymis, or ampulla. The lowest motility was seen for samples treated with proteins from the bulbourethral gland. The sperm-neutrophil binding, however, was lowest for samples treated with whole SP proteins but was not significantly different from those treated with proteins from the bulbourethral gland, prostate or seminal vesicle, or epididymis. Interestingly, comparison of the protein pattern seen in SDS-PAGE revealed that whole SP proteins and proteins from the ampulla were strikingly similar (Fig. 8) . Seminal vesicle had the least proteins while the others had both different and similar bands from/to those seen with whole SP proteins.
DISCUSSION
The interactions between sperm and neutrophils are important facets of mare reproductive biology because many inseminations with cooled and frozen semen occur at a time when the female reproductive tract is laden with neutrophils [1] [2] [3] [4] [5] [6] [7] [8] [9] . In natural breeding (pasture mating and feral horses), a stallion may breed some mares more than once in the same day [32] . In such cases, sperm are fully suspended in SP, which will prevent sperm-neutrophil binding and enhance fertility compared to artificial insemination where SP is reduced by dilution or completely removed by centrifugation [9, 33] . Furthermore, interactions between the mare and stallion in natural breeding stimulate oxytocin secretion, which helps with uterine clearance through uterine contraction [34] , but such interactions are reduced in artificial insemination. Recruitment of neutrophils to the uterus after insemination can be beneficial for removing excess spermatozoa and microbial contaminants introduced during the breeding/insemination process. However, the presence of neutrophils at the time of sperm deposition can be counterproductive for sperm transport and survival if SP is not included. This is supported by the fact that the presence of leukocytes in the female reproductive tract of equine [9] , swine [10] , human [35] [36] [37] , and rabbits [38] at the time of semen deposition resulted in reduced fertility. Although Metcalf [39] reported that a second insemination of mares ALGHAMDI ET AL.
with frozen semen resulted in better fertility, the study suffered from many confounding variables, including the number and order of stallions used, the dose of hCG injected, and the amount of SP included in the frozen semen.
The sperm-neutrophil binding may be specific to one or more subpopulations of spermatozoa because some sperm cells remain freely moving among neutrophils. This supports our previous findings that a certain fraction of SP inhibited neutrophils binding to live sperm while another fraction promoted neutrophils binding to dead sperm [13] . This was further confirmed by the identification of CRISP3 that was shown to reduce sperm-neutrophil binding better than whole SP proteins [14] . In rabbits, double mating showed that a subpopulation of sperm reaches the oviduct in spite of the phagocytosis of other sperm by neutrophils in an inflamed uterus [38] . The presence of binding-resistant sperm, however, does not mean this binding is not important to fertility. The double mating experiment with rabbits was done at intervals of 0, 0.5, 1, and 4 h, and the pregnancy rate was not different between the first and second insemination within the first hour. However, when 4 h elapsed between the two inseminations, the pregnancy rate was always lower for the second compared to the first mating [38] . Although the mechanism(s) of specific sperm-neutrophil binding and its impact on fertility is unknown, we and others have shown that reducing the binding by the addition of SP leads to a significant improvement in fertility when spermatozoa were inseminated into inflamed uteri [9, 10, 33] . While it is unclear how CRISP3 affects spermneutrophil binding, it is possible that it could either inhibit the expression of adhesion molecules or mask these adhesion molecules. Our ongoing research is attempting to elucidate this mechanism. While lactoferrin appears to enhance neutrophil binding to dead sperm [15] , the mechanism is still unclear. It is also possible that lactoferrin acts as an opsonin or facilitates sperm recognition by neutrophils.
Whereas sperm-neutrophil binding involves cell to cell contact suggestive of the involvement of adhesion molecules
Cloning and expression of the equine P-selectin ligand recognition unit (LRU). a) RT-PCR was performed using purified equine RNA from uterine biopsies (n ¼ 2 independently processed samples) and human/mouse P-selectin gene consensus sequence primers to produce the 617-bp LRU fragment from equine (mares no. 1 and 2) and mouse (positive control). b) Recombinant protein (;24 kDa) was detected by Western blot analysis using antibodies against both the 6-His tag and mouse P-selectin. c) Immune serum from immunized rabbits reacted with the recombinant proteins (lanes 1 and 2) , while preimmune serum did not detect the recombinant protein (lanes 3 and 4; n ¼ 8). d) Immune serum also detected a protein band of similar size to P-selectin (140 kDa) from equine platelets (positive for P-selectin; n ¼ 3). SPERM-NEUTROPHIL BINDING [11, 12] such as P-selectin, we ruled out the involvement of this molecule because the specific antibodies did not prevent or reduce this binding. Our antibodies identified a molecule of similar size to full P-selectin on platelets (a known source for P-selectin) and to a molecule of similar size to the LRU on acrosome-reacted sperm. However, spermatozoa subjected to the three different treatments to induce an acrosome reaction still showed no difference in sperm-neutrophil binding with or without anti-P-selectin antibodies (data not shown). Whether acrosome-reacted sperm express the full P-selectin that was cleaved or only the LRU is not known.
A strong binding affinity of specific SP proteins to spermatozoa must be present if they can withstand the shearing force of a viscous ficoll gradient. The biotinylation method used in our studies has been successfully used in a similar manner to detect oviductal proteins that bind to sperm [40] . If the SP proteins bound to sperm are the same as those involved in sperm-neutrophil binding, this would illustrate a competitive mechanism by which SP proteins prevent sperm binding to, and phagocytosis by, neutrophils. However, it is possible that the SP proteins bound to sperm mediate other events such as the modification of cell membrane changes (e.g., capacitation and/or the acrosome reaction) by regulation of the expression of other molecules important to this binding or by masking or modifying molecules involved in this binding. Further studies are needed to identify these proteins, their mechanism(s) of action, and their importance to sperm function and/or fertilizing capacity. Our experience with matrix-assisted laser desorption/ ionization-time-of-flight (MALDI-TOF) mass spectrometry indicate that direct identification will be complicated for the reasons mentioned above (a large number of proteins and high dynamic range of abundance). One possible method is to isolate membrane proteins from fresh sperm without full sperm lysis (to reduce nuclear and mitochondrial proteins). These proteins can then be separated with native PAGE, incubated with biotinylated SP protein, and detected with avidin. Positive bands can be extracted separately, and the proteins in each extract identified by MALDI-TOF mass spectrometry. This approach could reduce the number of proteins involved and overcome some of the variation in abundance. Alternatively, because the binding between biotinylated SP protein and their sperm receptor/ligand withstood the SDS-PAGE procedure, these bands can be extracted and subjected to a higher acrylamide gel concentration for finer resolution and possibly a reduced protein mixture within each band.
It was surprising that proteins from the bulbourethral gland caused the most reduction of both sperm motility and spermneutrophil binding. The whole SP protein did not reduce motility but significantly reduced sperm-neutrophil binding. The bulbourethral gland is known to be the main source of preejaculatory fluid (secretion seen with sexual excitement before ejaculation) that is believed to serve as a cleansing step to neutralize any urine remnant in the urethra [41] . However, this secretion has been underappreciated as evidenced by the large number of protein bands seen in this study, which had a very similar profile to that seen in the content of the prostate. In addition, the term preejaculation may be misleading if we assume that it starts and ends before sperm ejaculation when in reality this secretion occurs throughout sexual arousal. Furthermore, its presence in the urethra eventually leads to its mix with the rest of the semen during ejaculation. In species where semen is deposited directly in the uterus as in horses, this fluid will very likely reach the uterus and interact with spermatozoa and other cellular components of the female reproductive tract. Therefore, this secretion may have evolved to preemptively prevent neutrophil entrapment of sperm in cases where other causes have induced neutrophil influx into the uterus. It should be noted that SP comes from different organs and glands where the content of each remain segregated SPERM-NEUTROPHIL BINDING from sperm and protein from the other glands until the time of ejaculation and before reaching the female tract. Thus, a protein(s) from one gland may be necessary for the optimal function of another from a different gland and the absence of the mix may lead to unwanted outcome. This hypothesis is supported by the observation that proteins from the preejaculatory fluid reduced motility while whole SP protein did not (whole SP in horses often contains a portion of the preejaculatory fluid as commonly seen during semen collection). It is possible that while the content of this secretion alone is inhibitory to sperm motility, it could still be a main source of the protein responsible for reducing sperm-neutrophil binding. Indeed, it has been shown that CRISP3 is secreted from the ampulla, seminal vesicle, prostate, and the bulbourethral glands [42] . Nevertheless, our hope that the isolation of CRISP3 could be facilitated by collection of this fluid before it is mixed with secretions from the other glands/organs was not realized. The presence of many protein bands indicates that collection of the content of any given male organ is not likely to facilitate this isolation and identification. More surprisingly, the protein pattern of whole SP protein was strikingly similar to the pattern seen from the ampulla. The ampulla does not contain as much detectable fluid content as can be seen in the other glands, but studies with CRISP3 (both mRNA and protein) showed that the ampulla is the main source for this protein in the stallion reproductive tract [42, 43] . While the ampulla may appear to lack a classical lumen when observed by the naked eye, our microscopic examination (Fig. 9 ) revealed a convoluted lining structure suggestive of an active secretory gland of major SP proteins. However, we cannot exclude the possibility that anesthesia, surgery, and/or euthanasia caused some seminal fluid from different glands to reach the ampulla. Nevertheless, our results indicate that any attempt to collect fractionated semen will not facilitate the isolation and/or identification of SP protein of interest any better than collection of the whole ejaculate.
We conclude that antibodies against the LRU of P-selectin were not effective in reducing sperm-neutrophil binding, suggesting no involvement of this adhesion molecule. However, acrosome-reacted and -damaged equine sperm express a protein molecule of similar size to the LRU that was identified by the produced anti-P-selectin antibodies. The detection of fewer SP proteins that bind to sperm with strong affinity suggests irreversible binding of some molecules, which may help with their identification and the clarification of their mechanism of action. Finally, the use of secretions of individual male organs/gland and/or fractionated ejaculate will not likely facilitate the isolation and identification of SP proteins important to reproductive biology due to the larger number of protein molecules and their varied abundance.
